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0 Nonlonlcalfy and partially anlonlcally stabilized waterdlsperslble polyurethane/acryllc graft 
copolymers. 

0 Water-diiutable polyurethane/acrylic copolymers which may be either completely nonionicaliy stabilized or 
partially nonionicaliy and partially aniomcally stabilized comprise the reaction product of an ethylenicaily 
terminated polyurethane macromonomer containing poly(oxyalkylene) segments and one or more ethylenicaily 
unsaturated monomers selected from acrylic acid, methacrylic acid, fumaric acid, styrene, vinyltoiuene, and aikyl 
and hydroxyalkyl esters of acrylic, methacryfic, and furamfc acids. The copolymers are useful as principal resins 
and as pigment grind resins in water-borne automotive base coat paint formulations.;. 
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NONIONICALLY AND PARTIALLY ANIONtCALLY STABILIZED WATER-DISPERS1BLE 
POLYURETHANE/ACRYUC GRAFT COPOLYMERS 



Technical Field 



This invention relates to water-dispersible polymers useful in the preparation of automotive coating 
5 formulations. More particularly, the present invention concerns water-dispersible polyurethane/acrylic graft 
polymers having utility as principal resins and as pigment grind resins in automotive coating compositions. 
This invention also concerns coating compositions containing such polymers, and articles of manufacture 
coated with such coating compositions. 

10 

Background of the Invention 



Multi-layer coating systems are well known in the coatings industry. One area in which multi-layer 

is coating systems have become increasingly utilized is the area of decorative and protective coatings for 
automotive vehicles. A common multi-layer coating system for automotive application is the so-called "base 
coat/top coat" system in which a thicker layer of clear, unpigmented topcoat is applied over an underlying 
thinner layer of pigmented base coat The base coat may contain reflective particulate flake materials such 
as aluminum flake or mica flake to impart "sparkle" to so-called metallic finishes. 

20 These base coat/top coat coating systems may comprise either "wet-on-wet" one-bake systems In 
which the clear top coat layer is applied over an unbaked base coat layer with both layers being cured in a 
single subsequent bake curing step, or "multiple-bake" systems sin which a clear coat is applied and cured 
over previously applied and cured base coats. Modem multi-layer coatings systems are typically of the wet- 
on-wet one-bake type which eliminate or minimize problems of adherence between the layers which may 

25 sometimes result with multiple-bake systems. 

Early base coat/top coat coating systems for automotive applications generally comprised solvent- 
borne, pigmented base coat compositions and solvent-bome clear coat compositions. However, rising costs 
of solvents and the growing concern over the environmental impact of organic solvents has forced research 
efforts in recent years to turn toward means for eliminating or minimizing the organic solvent content of 

30 coating compositions.- 

A certain degree of success has been achieved in lowering the total volatile organic content (VOC) of 
multi-coat systems by reducing the organic content of both the base coat and top coat compositions. For 
example, recent developments In multilayer coating systems have seen the introduction of water-borne 
base coat compositions. One example of such water-borne systems is disclosed in United States Patent 

35 4,794.147 which employs as principal resin and/or pigment grind resin a water-dispersible polyurethane 
resin. Coating formulations based upon these water-borne polyurethane resins can generally be applied to 
substrates over a broader range of ambient temperature and humidity conditions. Another type of water- 
borne system is exemplified by anionically stabilized acrylic resins of the type disclosed in United States 
Patents 4.403,085 and 4,618,724, Acrylic resins are generally characterized by good durability and 

40 weatherabllity, but sometimes suffer from the shortcoming that they must be applied within a narrow range 
of temperatures and humidities to avoid problems of flow and sag. 

AnionicaJh/ stabilized acrylic resins are typically formed by the polymerization of a mixture of acrylic 
monomers which contains a certain fraction of carboxyl group-containing monomers such as acrylic add or 
methacryllc'acid- The' resiri Is dispersed In water and stabilized In aqueous medium by conversion of at 

45 least a portion'' of the carboxyl groups to carboxylate salt groups by neutralization with a base, typically a 
tertiary amii^f^§g . . 

Presenfcday commerc^ clear top coats typically are based upon alkylated melamine resins 

which are thermafly cross^nked In the presence of one or more acid catalysts well known in the art Acrylic 
resins which are crose-llr^ed by melamine resins are presently the resins of choice for top coats because 

50 of their exceptional gtoss and durability, qualities which are highly desirable for the clear top coat In a multi 
layer automotive coating A thorough discussion of so-called "monomelic" highly alkylated 

melamine rosfTis and ■poh/merfc* less highly alkylated melamine resins can be found in Hirsch, Albert J., 
."50 Yeare erf Amine Coating Resins," the Wlnchell Co., Philadelphia. PA 1986, the contents of which are 
incorporated herein by reference, y* 

'j^J^-j^'X'v'' ' A * 11(11/1999 14:2S:»S«l«-2- 
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The highly alkylated meiamine resins generally require strong acid catalysis for cunng. while the less 
highly alkylated melamines can be cured by the use of weaker, general acid catalysts. However, m either 
case, organic solvents are usually required to prepare melamine-containing clear coat formulations. The 
highly alkylated monomeric meiamine resins typically form less viscous solutions in organic solvents, 
permitting higher solids loading, with attendant reduction in VOC. The less-alkylated, polymenc meiamine 
resins, on the other hand, form more viscous solutions and cannot generally be employed to form high 
solids clear coat formulations. ■ 

Wfth the introduction of acrylic antonically stabilized water-borne base coat compositions, and toe 
desire to use high solids clear coats to reduce VOC, compatibility problems have arisen. The preferred 
highly alkylated monomeric meiamine top coat resins, requiring strong acid catalysis for curing are 
generally not entirely compatible with anionically stabilized base coat resins. In wet-on-wet one*ake 
systems where the base coat resins are of the amine-neutralized carbcxyl function-containing type, amine 
which is freed from the base coat layer during the baking step often neutralizes a portion of the strong acid 
catalyst employed to cure the highly alkylated meiamine resins in the top coat This can somatomes result 
in an incompletely cured top coat layer with attendant reduction in gloss, distinctness of image, durability 
and weatherabllity. On the other hand, if a bake curing step is imposed between application of the base 
coat and clear coat layers to eliminate this problem, intercoat adherence may suffer. 

There is thus a need in the art for acrylic-based resins which can be employed In base coat paint 
formulations, which can be readily dispersed and stabilized in water, and which are compatible wtth high 
solids, highly alkylated meiamine type top coat formulations. 

Summary of the Invention 



The present invention provides, in its principal aspect a water dilutable poiyurethane/acryllc graft 
copolymer comprising the reaction product of A) an ethylenically terminated polyurethane macromonomer 
which is the reaction product of I) a polyisocyanate; li) a compound having at least two functional groups 
reactive with isocyanate; ill) a polyether having a single functional group reactive with isocyanate. and B) 
one or more ethylenically unsaturated monomers. In another aspect, there are provided pigmented oase 
coat paint formulations suitable for application to metal and plastic substrate bodies which compose the 
above described polyurethane/acryllc graft copolymers. In yet another aspect of the present invention, there 
are provided substrate bodies coated with one or more base coat layers comprising the above-described 
polyurethane/acrylic graft copolymers. 



Detailed Description 



1 



The resins of the present Invention are graft copolymers comprising an acrylic backbone with pendant 
poiyurethane graft side-chains which serve to solubilize and stabilize the copolymers in aqueous media. 
The resins are particularly adapted for use as both the principal binder resin and as the pigment grind resin 
In water-borne coating formulations. The resins of this invention combine the best features of sprayabilrty of 
polyurethane resin compositions end the durability of acrylic resin compositions Into a single resin system. 
By varying the composition and ratios of ethylenically unsaturated monomers in the acrylic backbone, the 
composition of the poryurethane graft side chains, and the ratio of polywethane side-chain segments to 
acrylic r^ckbone. design of the resin system of the present invention provides, for a «u« «i9» J* structural 
variation for optimizing the resin system for a particular application. ; \ V % 

The resins of the present invention am formed by copolymerlzirtg a mixture of motioetnytertcauy 
unsaturated monomers and one or more poryurethane macromonomers, which are terminated at one end 
■* with an eltaxy poly(oxyalkylehe} alcohol and at the other end with a morwethyierUcalry uwaturatBd unit Tne . • 
poiyurethane mmtumrim by reacting a mixture of a) a poryisog^: b) an aBcoxy po^ 

Pyal^lehe) alcohol; c) a dtof/triol. ester polyol. or mixture thereof; ^^^^^^^^ If 
monomer which has a single functional group reactive wtth isocyanate.^- fef . ST."*- _ 

The poMsocyanate which Is employed to form the ethylerrfcallyiermirwtBd potyiirettone macro- 
monomers of this invention is essentially any polyisocyanate. U: any cwpourrf coding at ^ iwo 
isocyanate functional groups: The polyisocyanate may be a ^^y^!^. ^^^^ 
trBsocyanate. polymethytene : poryphenyl Isocyanate, or may be the trtmettzed Isocyanu^^ aucyv 
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diisocyanate such as the isocyanurate of 1,6-haxarnethylene di isocyanate. Tha poiyisocyanate is preferabfy 
a diisocyanate, for example, hydrocarbon dttsocyanates or substituted hydrocarbon diisocyanates. Exam- 
pies of compounds which may be utilized include, but are not limited to phenylerte diisocyanate, bipheny! 
M'-diisocyanate, meta -xylyiene diisocyanate, toluene diisocyanate (TDI), 3,3'-dJmethyW.4'-biphenylene 

5 diisocyanate. 1,4-tetramethytene diisocyanate, 1 ,6-hexamethylene diisocyanate, 2.2,4-trimethylhexane-1 ,6- 
dlisocyanate. 1.3-bls -[2-(2-(tsocyanato)propy!]benzene (also known as tstramethyixylyldiisocyanate, 
(TMXDI), methylene bis -{phenyl isocyanate), t ,5-naphthalene diisocyanate, bis -<isocyanatoethyl fumarate), 
i sop ho rone diisocyanate QPD\), and methylene bis -(4-cyctohexylisocyanate). There can also be employed 
isocyanate-terminated adducts of diots such as ethylene glycol or 1,4-butylene glycol, etc. These com- 

io pounds are formed by reacting more than one mol of diisocyanate, such as those mentioned above, with 
one mol of diol to form a longer chain diisocyanate. Alternatively, the isocyanate-terminated diol adduct 
may be formed in situ by addition of the diol together with the diisocyanate to the reaction mixture. 

It is preferred" to employ an aliphatic or cycloaliphatic diisocyanate or aliphatic isocyanurate since it has 
been found that these provide better color stability in the finished coating. Examples include 1,B- 

15 hexamethylene diisocyanate. the isocyanurate of 1 ,6-hexamethylene diisocyanate, 1,4-butylene 
diisocyanate, methylene bis -(4-cyclohexyl Isocyanate), and Isophororte diisocyanate QPD\). However, 
aromatic dlisocyanates In which the Isocyanate groups are not directly attached to the aromatic ring such as 
TMXDI and meta -xylytenediisocyanate may also be used. 

The alkoxy poly(oxya!ky1ene) alcohol employed in preparing the poiyurethane macromonomers of thi3 

20 invention are oligomers formed by the alkoxyMnitiated polymerization of epoxides such as ethylene oxide, 
propylene oxide and the like. The compounds have the general formula 

RO-(-CH 2 -CH-0-) n H 

25 R' 

where R is lower alkyl, R is hydrogen or lower aJkyl, and the nominal value of n ranges between 20 and 75. 
The compounds, when R Is methyl and r' is hydrogen (formed by the methyoxyl-initiated polymerization of 

x ethylene oxide) are generally known as "MPEG's" (methoxy polyethylene glycols) and are commercially 
available, for example, from Union Carbide Co. In a variety of molecular weights. The compounds are 
marketed under, the tradenames MPEG XXXX where XXXX is a number indicating the average molecular 
weight rw the purposes of this invention, the preferred alkoxy po)y(alkylene oxide) alcohols are the 
MPEG's having weight average molecular weights in the range of between about 1200 and 3000. 

w Particularly preferred are MPEG 1600 and MPEG 2000. 

The diols and triols used In forming the poiyurethane macromonomers of this invention are preferably 
aliphatic compounds, I.e. compounds having two or more hydroxy! functions per molecule and having a 
straight-chain, branched-chain, or saturated carbocyclic ring. The aliphatic diols and triois are believed to 
impart flexibility to the final copolymer. Examples include ethylene glycol, propylene glycol, butylene glycol, 

^ neopentyl glycpt Wmethylolethane, trlmethytolpropane, and similar diols and triols of up to twenty carbon 
atoms. r^^asS* • 

Similarly, ester poh/ols formed by estenftcatJon of a diol or triol of the types just discussed with a 
carboxylic a^cTo^ hyth^^.acJW.may also be used. These compounds are characterized by at least two 
hydroxy groups a^^cm ester group per molecule. Examples include monoesters of diols such as ethylene 

^ glycol, propyieTO^pjyc^lb^e« glycol, 1,8-hexanediol, trimethylolethane, trfmethylolpropane and the Dke 
with ^hydra^ac^ hydroxy acids. Examples Include hydroxy acetic acid, hydrox- 

ypropionlc ^d^^j^ add and the like. A preferred ester polyol is the 3- 

hydroxy-2^2 ^met^propyl .."ester^^of 3-hydroxy-2^-dimethylpropanoic acid, commercially available as 
Esterdiol ^fr^Mr^^Wd^^mpany. 

M : j- The morioe^^ having a single functional group reactive with isocyanate 

which ^jNt^^^^hx^^i^i of the poiyurethane macromonomers of this invention are preferably 
selected fj^^j^o^B^'aoc^^^ and methacrylates. Examples Include hydroxymethyl acrytate, hydrox- 
ymettyTnjeth^^ hydroxyethyl methacrylate, hydroxypropyl acrylate, hydrox- 

vprnpyl'mettai^ hydroxybutyl methacrylate, and the like. 2-Hydroxyethyl 

\ c Trie p>plynram be nonionically stabilized, or partially nonionically and partially 

anloriicaily^ste^ unsaturated monomers which are chosen to synthesize the 

acryfJc baddxm^lhe resins of.this invention are chosen, based upon a decision to design a completely 
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nonionicaiiy stabilized resin or a partially nontonicaiiy/partiaJiy anionically stabilized resin, in the case of 
completely nonionically stabilized polymers, the ethylenlcally unsaturated monomers chosen to fabricate the 
acrylic backbone of the resin are free of carboxyi group-containing monomers such as acryflc acid, 
methacryBc acid, fumaric acid and the tike, In this instance, the monomers for synthesis of the acrylic 
s backbone are chosen from among the aikyi acryiates, altcyi methacrytetes, hydroxyalky! acryiates, hydrox- 
yaikyi methacrytetes, styrene, and the lite, with hydroxy iaikyi acryiates and methacrylates predominating. 
The composition of the final pcriyurethane/acryKc graft copolymer is then adiusted to contain a high degree 
of polar poty fpxyiaJkytene} segment in the polyumthane side-chain units to sotubilize and stabilize the 
poryer in aqueous medium. 

io in the case of the partially noniorecaify and partially anionically stabilized potyurethana/acrytic graft 
copoiymers of this invention, the ethyienicaliy unsaturated monomers chosen to synthesize the backbone 
portion of the resins include smail amount of acrylic acid and/or mathacryiic add. Preferably, however, the 
amount of carboxyi group containing monomer (i.e. acrylic and/or methacryitc acid) is kept tow. 

in practice, the ratio of monomers employed in synthesizing the desired final poiyurethane/acrytic graft 

r s polymer, including the ethyienicaliy-tsrminated polyurethane macromonomer, is chosen so as to insure that 
the weight percent MPEG segment in the final polymer ranges between 5% and 25% by weight of the total 
resin, preferably between about 10% and 15% by weight The percentage of MPEG segment depends in 
turn on whether the desired product is to be totally nonionicaiiy or partially anionically stabilized. If the 
product is to be totally nonionicaiiy stabilized, the percentage of MPEG segment should be toward the high 

» end of the stated percentage ranges, i.e. between about 12% by weight to about 25% by weight 

On the other hand, if a partially anionically stabilized resin product is desired, acrylic acid, methacryfic 
acid, or a mixture of the two are chosen to form a fraction of the monomer employed In synthesizing the 
backbone portion of the polymer, and the amount of MPEG segment In the polyurethane side-chain 
stabilizing groups may comprise less of the total final polymer, ranging at the lower ends of the ranges 

25 discussed above, generally between about 5% and 15% by weight of the total final potywethane/acrylic 
resin. 

To prepare the ethyienlcaily-terminated polyurethane macromonomers, the proportions of dHsocyanate, 
hydroxy! fwnctlonaSzed monoethylenicBlly unsaturated monomer, and diet and/or trio! and noniontc stabilizer 
or morfflhydroxyfunctfonal poiyethsr components are chosen so as to provide an a!kyloxy{polyoxyelky!ene}- 

X terminated and ethytenicalry*temiinated macromonomer. This is accomplished by reacting a stoichiometric 
excess of the poiylsocyanate, I.e. more than one isocyanate group per nucleophllic moiety fte. group . 
reactive with isocyanate) In the other components with the hydroxy! functional group-containing readants, 
i.e. diol, trio), ester dlot. and aikoxy (pcfyoxyalkyiene) alcohoi in the presence of an antioxidant such as 
butylaied hydroxy toluene. The preferred ratio of -N=C=0 functionality to hydroxy! functionality is chosen 

ss to be between about 1,1 to about 1.2. 

The reaction Is allowed to proceed until analysis of the reaction mixture indicates that an isocyanate 
functionality of about QJtO to about 0.40 meq/g, preferably about 025 remains. At this point, a capping . 
agent Is added and the reaction Is allowed to proceed until ail remaining isocyanate functionality has 
reacted. The capping agent may be a diol. or a amine potyol. Suitable diofs for capping the free isocyanate 

40 functionality of the pdyuretnane macromonomer are straight-chain or branched chain aliphatic (i.e. satu- /' 
rated) dtols of from three to twenty carbon atoms. Examples Include ethylene glycol, propylene glycol. 5 
butyiene glycol, neopentyi glycol, 1,0-hexanedioi, and the ilka. Straight-chain or twanched-chaln amino 
polyots of from two to twenty carbon atoms may also be employed as cappolng agents. By the term "amino |i- ; 
potyol" as used throughout this specification and the appended claims Is meant an organic compound tfz- 

« having one primary or secondary amine nitrogen atom and one or more hydroxy! groups. Examples of >v 
amine polyots which may be used to cap the polyurethane macromonomers of mis invention tndude .|^~ 
ethanolamine, dietnanolamine, 4^^rBxyethyt)morpholine, and the flke.- as Jtznfo M 
■ ' • ; v The weight average molecular weight of the polyurethane macromonomer is generally between aflout.M; 
•< 3,000 and 20,000 Daltorw, prefwabty oefeveen about 9,000 and 13,0fM.Oaltor«t.h.r;;. >,- . 

so The potyurethane macromonomer, thus prepared, is mixed with the blend of ethyienicaDy unsaturated :^:' 
monomers which make up the acrylic backbone of the polymer and reacted in the presence of a sufteble^-t, 
free radicai catalyst to form the resins of this Invention. The reaction ts typically carried out under amSSorm^: 
of reflux in a suitably unrasctfve solvent such as toluene, xylene, or an alcohol, such a* n -butend, ho 
butanot, end the like, A free radical initiator Is added to the reaction mixture i fcxjett»rT withjhe mon47?f> 

w ■' oethytenicaUy unsaturated monomers, and potyurethane rnacromonomer, with amali amounts ;af catalyst 
. added during later stages of the reaction if needed. Any suitable pcly^ertzaflat'calalysts may be used 
inttiate copolymerfzafion of the ethyienlcefly unsaturated monomers and etfytenkalry-tarmlneted potyure-^p 
thane macromonomer inducting inorganic peroxy compounds such as potassium' or ammonium' perswtfatB,*^' 
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hydrogen peroxide or percarbonates; organic peroxy compounds such as acyi peroxides including, for 
example, benzoyl peroxide; alkyl hydroperoxides such as tert -butyl hydroperoxide, cumene hydroperoxide, 
and p -merrthane hydroperoxide; diafkyf peroxides such asT di-tert -butyl peroxide; peroxy esters such as 
tert -butyl perbenzoate, tert -butyl peroctoats and the like; and mixtures thereof. The organic and inorganic 

s peroxy compounds are advantageously used in combination with any suitable reducing agents known in the 
art, including sodium pyrosulfrte or bisulfite, sodium formaldehyde sulfoxylate, triethanolamine, tetraethylene 
pentamine, and the like. Also azo compounds such as azo-bls -{iso -butyronitrile), azo-bis - (iso -butyric acid 
ethyl ester), azi-tris -{iso -butyroamidine) and the like may be employed as free radical initiators. 

The initiator catalysts are employed In catalytic quantities normally used to initiate polymerization 

to reactions of this type, i.e. generally in quantities of from about 0.01 % to 5% by weight, preferably between 
about 0.02% and 1% by weight, based upon the total weight of ethy/enfcally unsaturated monomer present 
in the reaction mixture. " 

As the reaction proceeds, the carbon-carbon double bond at the terminus of the monethylenically- 
terminated pofyuretfiane macromonomer is incorporated into the growing acrylic backbone. The result is the 
rs formation of a polymer comprising an acrylic backbone with pendant polyurethane graft side-chains. The 
polymerization reaction conditions are controlled to permit the formation of a poiyurethane/acrylic graft 
copolymer of weight average molecular weight of between about 15,000 and 60,000 Daltons, preferably 
between about 25,000 and 40.000 Daltons, 

The poiyurethane/acrylic graft copolymers of this invention, prepared as described above can be 
20 employed as tne principal or binder resin or as the pigment grind resin in bass coat paint formulations for 
automotive applications. When empfoyed as principal resins, the resins are combined, in amounts generally 
ranging between about 10% by weight and about 40% by weight, based on total solids content of the base 
coat formulation, together with a pigment paste, a rheology control agent leveling and flow additives, fillers, 
stabilizers, wetting agents, -dispersing agents, adhesion promoters, etc. The pigment paste comprises a 
25 pigmenting agent {which may or may not additionally contain ftake pigmenting agents' such as aluminum 
flake, mica flake, or metal oxide encapsulated mica flake), and a pigment grind resin. The viscosity of the 
final base coat formulation Is adiusted to the desired value by the addition of water. 

Rrteotogy controt agents preferably incorporated into the base coat formulation help to control the 
viscosity of the resulting composition and are incorporated in amounts which prevent sagging or running 
30 after a base coat layer Is sprayed onto a vertical substrate surface such as a motor vehicle body. The direct 
result of incorporating a rheology control agent is to provide flow controt. body, and sprayabtlity in the base 
coat formulation. Another favorable result of the inclusion of a rheology control agent is to allow for the 
application of thicker base coat layers during spraying, permitting better coverage and hiding of the 
substrate. The sprayed coatings containing these rheology control agents also exhibit better orientation of 
36 flake pigments such as aluminum or micaceous flakes which may be incorporated into the base coat 
formulation to provide b "metallic" sparkle effect 

Rheology control agents which can be used In embodiments of the present invention include fumed 
silica compounds, and hectorfte and bentonite clays. Preferred fumed silica compounds are the hydropho- 
bic fumed slBcat .such-as Aerosff B972, available from Degussa Corporation, Frankfort West Germany). 
40 Another preferred rf^ic^ control agent for base coat compositions of the present Invention is a synthetic 
sodium nmitrn magnesium silicate hectorfte clay. An sexample of one such day is Laponite RD, available 
from Laporte, Irux. Saddiebroofc. NJ- The reheology control agent may also comprise mixtures of the abovo- 
mentioned aoerti^^^^-H^-' • 

The rheblbgy^corrt^ comprise from 0% to about 20% by weight of the basecoat 

4S comp<ffiltic^and ga^^ between about 1% by weight and 5% by weight of the final base 

coat composWo^ frrg^^^trw particle size of the rheology control agent plays a role in the overall 
thJxotropIc properties* ol.the base coat formulations. The rheology control agents included In embodiments 
.\ . : of this lm«^^]Ta^^^nded jn the formulations and are believed to function, at least In part, through 
coulombic' or^elei^ In general, the particle size ranges from less than about 0.01 

60 microns to oyer about 2f30 microns. The particle size of the rheology control agent is selected to impart the 
' : desired flo^boii^^d^iwat^fy of the finished base coat formulation. In most instances, the preferred 
r n * .r particle , 8 j^^^»ab^J,micron and about 10 microns. ........ ' 

- ;{ " ' ' : ■ Add^^^ar^^^&J^Jnd\i^ (n the base coat formulations of this invention, for example 
■ suifacianta^^ agents, dispersing agents, adhesion promoters, etc While agents 

; ' ; SB serving eacttol ^trisw^ic^^Wwell known In the art the amounts used must be carefully controlled to 
y-e*-^ avoid adven^lffiB^^ : 
-Vr- • - When'impip^^ grind resin, the poiyurethane/acrylic graft copolymers of this invention 

"Tir.Vr " are conitjtned' w& agents known in the trade by conventions} mixing, and then 
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ground by ball mining, sand milling, passage through an attritor, or other known technique until the desired 
pigment particle size distribution is achieved. The paste is then diluted with water, if needed, to adjust the 
paste to the desired viscosity, and employed in base coat formulations as described above. In genera}, the 
resin will comprise from about 30% by weight to about 80% by weight of the total solids content of the 

s pigment paste, preferably from about 40% to about 70% by weight. 

The base coat compositions described hereinabove can be applied to a metal or plastic substrate in 
one or more coats using, for example, an air atomized spray gun such as a Sinks Model 60 spray gun, 
available from the Sinks Manufacturing Corp., Frankien Park, IL, or by using other conventional spraying 
means. The base coat compositions are generally sprayed at a pressure of 50-80 psi (344.7-551-8 kPa). at 

to a relative humidity of about 50% to 90% (preferably about 60% to 80%), and at temperatures between 
about 70-90 * F. (21 .1 -322 ' C). 

After despositon of trie base coat compositions, the base coat layer is flash dried at a temperature of 
between room temperature and about 145 *_F. (62.8 'C). preferably about 12G*F. (48.9 *C), A second 
basecoat layer may be applied over the first without drying (flash off) or, alternatively, a clear coat layer 

is may be despo sited over the first flashed base coat layer. Any number of wed known clear top coat 
compositions known in thB art may be used to apply the top coat layer, For example a high solids solvent- 
borne top coat composition comprising a so-called monomelic highly alkylated melamine such as Cymet® 
303 (avaflable from American Cyanamid Company, Wayne, NJ) and a strong acid catalyst such as p - 
toluene sulfonic acid may be used. Alternatively, a top coat formulation utilizing a so-called polymeric less 

so highly alkylated melamine such as Cymel® 327 may be used. As stated ©a/Gar, when a highly alkylated 
melamine resin is employed in the top coat formulation, it is preferred that the principal resin and grind 
resin of the bass coat formulation preferably be of the completer/ non-ionlcaWy stabtteed type free of 
carboxy) or carboxylase functionality When a polymeric less highly alkylated melamine resin Is employed in 
the top coat formulation, the principal and/or grind resins of the base coat may be ai trier trie complete 

26 nonionically stabilized type In accordance with this invention or the partially anionicaily stabilised type, in 
this instance, the base coat principal or grind resins may also be a mixture of the completely nonfonicalfy 
stabilized (Le. earboxyi or carboxylate functJonalityfree) type and the partially anionicairy stabilized 
fcarboxyJ or carboxylate functionality-containing) type. 

After application of the clear coat layer over the previously applied base coat layer, the multi-layer 

30 coating is then baked to cross link the polymeric vehicles and to drive the small amounts of water and ' 
organic solvents from the layers. A preferred baking step involves heating the coated substrate for a period - 
of from about 10 to about 60 minutes at a temperature of between about 150* F. (65.5* C.) and 300* F. 
(148.3* C). This baiting step cures the multilayer coating to an attractive, glossy, hard, durable film. 

The following examples are provided to enable one skifled in the art to practice the present invention. 

3S However, these examples are merely illustrative of the invention and are not to be read as limiting the 
scope of the Invention as it is defined by the appended claims. . . t . F; - 



Example 1 



Preparation of Emylertcally'Terroinated Pofyurethane Macromonomer - 1 



A mixture of 953.4 grams of methoxy polyethylene glycol (MPEB 1500, available from Union Carbide), 
75 g of hydracyethy) aoyiate, 85.4 g of trtmethyloipropane, 423.4 g of isophorone oUsocyanatB, 280 g of 
methyl propyl ketone and 10 g of butyl hydroxy toluene was placed in a 5-Wtsr, three-necked flask fitted 
with a stirrer end condenser. The mixture was heated to about 85'C. wftri stirring, a^, held at that 
temperature until analysis indicated an isocyanate group functionality meo/g of about 0,74. At that point, 5.5 
g of djbutyt tin dilaurate was added to the reaction mixture and the mixture was further stirred and heated at 
80-85 *C. until analysis Indicated an fsocysnata group functionality mao>^ of, about 0,33. piatrtanolaniine 
(66.3 g) was added to cap the residual isocyanata functionality, and the mixture stirred and heated until 
analysis Indicated the absence of isocyanate functionality. " \,">\ j*. ^T-^^IT 

The mixture was then cooled and 200 g of ethylene glycol monobuty) ether was added to the reaction 
mixture, fallowed a few minutes later by 4 g of butyl hydroxytoluene and then 200 g of jdeionked water. The 
mixture, 70% non-volatile content by weight, was filtered into a storage container for tetter use. The product 
resin contained 4.68% by weight hydroxyethyt acrylate and 59.46% methoxy polyethylene glycol based on 
the total weight of solids and was found to have a weight average molecular weight, of about 7,000 Daftbna 
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and a viscosity on the Gardner-Holt scale of 21 -Z2. 



Example 2 



Preparation of EthylenicaJry-Tenrninated Polyurethane Macromonomer - 1 

A mixture of the isocyanurate of hexamethylene diisocyanate (433 g, avaiiabie as Desmodur N3390 
from Mobay Chemical Corp.. Plasties & Coatings Division, Pittsburgh, PA 15205), 36.4 g of neopentyl 
glycol, 1015 g of methoxy polyethylene glycol (MPEG 1500, available from Union Carbide), and 85 g of 
methyl propyl ketone were placed in a 5-liter flask fitted with a stirrer and condensor. The mixture was 
heated to 70 " C, at which point a mixture of 41.3 g of hydroxyethyl aery late, SO g of methyl propyl ketone, 
and 6 g of butyl hydroxy toluene were added to the flask contents. The temperature of the flask contents 
was raised to about 90* C. and the flask contents were stirred and allowed to react at this temperature for a 
period of about three hours. 

Five grams of a 3.3% by weight solution of dibutyi tin dilaurate in methyl propyl ketone were added to 
the flask contents, and the reaction was allowed to proceed at 90-95*0. until analysis indicated an 
isocyanate function group meq/g of about 0.21. Dlethanolamine (37 g) was added to cap the residual 
isocyanate functionality and the mixture was allowed to react at 90-95* C. until analysis indicated the 
absence of Isocyanate functionality. Ethylene glycol monobutyl ether (250 g) was added to the flask 
contents and the mixture allowed to cool to about 70* C. At this point, 150 g of detonized water were added 
and the resulting mixture thoroughly mixed and filtered into a storage container for later use. 

The product contained 71.5% non-voiatiles and had a viscosity of U-V on the Gardner-Holt scale. The 
resin contained 66.4% methoxy polyethylene glycol and 2.7% hydroxyethyl acrylata, based on the total 
weight of solids,' and had a weight average moteculare weight of about 13,000. Daltons. 



Example 3 



Preparation of Ethylenlcally-Termlnated Polyurethane Macromonomer - III 

A mixture of Isophorone diisocyanate (502.5 g), 123.0 g of trimethytolpropane, 25.5 g of the 3-hydroxy- 
2,2-dimefhytpropyl ester of 3-hydroxy-2.2-dimethylpropanoic acid (avaiiabie from Union Carbide as Esterdiol 
204), 955 g of methoxy polyethylene glycol (avaiiabie as MPEG 2000 from Union Carbide Co.), and 80 g of 
methyl propyl ketone was placed In a 5-lrter flask fitted with a stirrer and condensor. The mixture was 
heated to 105* C. and held, with stirring, at a temperature of between about 105* C. and 110* C. for a 
period of two hours. At the end of this time, the mixture was cooled to about 65 ' C. and a mixture of 51 g of 
hydroxyethyl acryiate and 8.1 g of butyl hydroxytoluene in 100 g of methyl propyl ketone was added to the 
reaction mixture; Af^ a few^ minutes, 3.4 g of a 3.3% weight percent solution of dibutyi tin dilaurate in 
methyl propyl ketone; was added to the flask contents and the mixture was then stirred and held at a 
temperature -^ai^^'^to : 70*C. unfit analysis indicated an isocyanate group meq/g of about 0.33. 
Trirneffr/totprof^^ added to the reaction mixture and heating at stirring at 65-70* C. was 

continued r uhfJI tftal^i^indtcja^ the absence of Isocyanate functionality. The mixture was then cooled and 
250 g of f/jt^^g't^^mmo^i^i ether and 200 g of deionlzed water were added. The resulting product 
was 73% rroTHnolatile §djd^rartd_had a viscosity of Z3-Z4 on the Gardner-Holt scale. The resin comprised 
54.8% by ^^0tr^^Sj^i^Vi^ glycol and 2.93 % by weight hydroxy ethyl acryiate based on total 
solids, and had f'welg^ave^e molecular weight of about 13,800 Daltons. ' . 
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A mixture of isophorone diisocyanate (436 g), 122.8 g of trimethyiolpropane, 1040 g of methoxy 
polyethylene glycol (available as MPEG 2000 from Union Carbide Co.), and 100 g of methyl propyl ketone 
was placed In a 5-liter flask fitted with a stirrer and condenser. The mixture was heated to 105* C. and held, 
with stirring, at a temperature of between about 105 * C and 1 10* C. for a period of two hours. At the end of 

5 this time, the mixture was cooled to about 98* C. and a mixture of 59.3 g of hydroxyethyl acryiate and S.5 g 
of butyl hydroxvtoluene in 85 g of methyl propyl ketone was added to the reaction mixture. After a few 
minutes, 4.0 g of a 3.3% weight percent solution of dibutyi tin diJaurate in methyl propyl ketone was added 
to the flask contents and the mixture was then stirred and hetd at a temperature of about 85' C. to 70 "C. 
until analysis indicated an isoeyanafe group meq/g of about 0.34. 1.6-HexanedJol (77.3 9) was then added to 

to the reaction mixture and heating at stirring at 65-70' C. was continued until analysis indicated the absence 
of isocyanate functionality. The mixture was then cooled and a mixture of 258 g of ethylene glycol 
monobutyl ether and 3 g of butyl hydroxytoiuene was added, followed by 200 g of deionized water. The 
resulting product was 73% non-volatite solids, and had a viscosity of 21-22 on the Gardner-Holt scale. The 
resin comprised 58.3% by weight methoxy polyethylene glycol and 4.34% by weight hydroxy ethyl acryiate 

is based on total solids, and had a weight average molecular wetght of about 13,500 Daltons. 



Examples 

M 

Preparation of Polyurethane/Acrylic Graft Copolymer I 

A 5-fiter three-neck flask was equipped with a stirrer, condensor, and addition funnel. A mixture of 150 g 
35 of methyl propyl ketone and 250 g of ethylene glycol monobutyl ether was charged to the flask and the 
mixture heated to reflux (about 108* C). 

A mixture was prepared of 400 g of the ethytenfcalfy terminated polyurethane macromanomer from 
Example 1, 170 g of methyl methaaylate, 300 g of butyl acryiate, 250 g of hydroxyethyl acryiate, and 78 g 
of tort •butyl peroctoate. This mixture was added gradually to the refluxmg flask contents over a period of 
so about four hours. When addition was complete, the resulting mixture was allowed to react for an additional 
one-half hour after which time an additional 10 g of tort -butyl peroctoate, dissolved In 30 g od ethylene 
glycol monobutyl ether, was added to the flask. The mixture was allowed to react under reflux tor an 
additional one-half hour, after which time the flask contents were cooled and 1800 g of deionized water was ' 
added with vigorous stirring. 

as The product mixture was a clear solution, having 30% non-volatile solids content end a viscosity of ' 
about 3000 centipoisas and a pH of 4. The product resin had a calculated Tg of -1$' C„ 18.6% by weight 
MPEG stabilizer content (based on total solids), 25% by weight hydroxyethyl acrylate content (based on ■ 
total solids), and a weight average molecular weight of 24,500 Daltons. 

40 

Example B ■ ; . • 



« Preparation of PolyumtMne/Acfylic Graft Copolymer II 

A 5-ltar three-neck flask was equipped with a stirrer, condensor, and addition funnel, n -Butanol (275 g) 
was charged to toe flask and heated to reflux. v\- ■>.*•:. '-:•'«• ";>ryr; 

A mixture was prepared of 425 g of the ethyfenlcally terminated polyurethane macomonomer from 
w Example 2, 150 g of hydroxyethyl acryiate, 120 g of 2-ethyihexyt acryiate. 480 g of. butyl. acrytato, and 25 g 
of tort -butyl peroctoate In 75 g of D-butanot This mixture was added gradually to the flask contents under 
reflux (about 110-115* C.} over a period of about four hours. When addition was complete, the mixture was 
heated under reflux for an additional one-half hour and then cooled. Deionized l water {2000 g) was added, 
and the dear product dispersion was filtered Into a container and stored for latoruse./.^v^'v^V 
a ■ The product mixture was a clear dispersion, having 30% norvvoMla solids contort and a viscosity of 
- - about 3500 canfJpolses and a pH of 5 A. The product resin had a calculated of. 4*0. 20% by weight 
MPEG content (based on total sextets), 15% by weight hydroxyethyl acryiate content {based on total sotida), 
■ and a weight average molecular wetght of 25,000 Daltons. *>'$iki$V&/&h'£& \ 
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Example 7 



5 Preparation of Polyure thane/ AcryBc Graft Copolymer 111 

A 5-liter three-neck flask was equipped with a stirrer, condensor, and addition funnel, n -Butanol (41 0 g) 
was charged to the flask and heated to reflux. ~ 

A mixture was prepared of 238 g of the ethylenically terminated polyurethane macomonomer from 
to Example 3. 350 g of hydroxy ethyl acrylate, 179.9 g of 2-ethyIhexyl acryiate, 296.7 g of methyl methacrytate, 
and 12.4 g of tert -butyl peroctoate. This mixture was added gradually to the flask contents under reflux 
(about 110-118 C.) over a period of about four hours. When addition was complete, 5.7 g of tert -butyl 
peroctoate in g of n -butanol was added to the flask and heating was continued for an addtticm~one-half 
hour. At the end of Ills time, the mixture was cooled and 2000 g of deionized water was added to the flask 
15 contents with vigorous stirring. The product was filtered into a storage container tor later use. 

The dear product dispersion had a dispersion particle size of 105 nanometers, 30% non-volatile solids 
content, a viscosity of about 2300 centipoises and a pH of 4.2. The product resin had a calculated T fl of 
-8* C, 20% by weight MPEG content (based on total solids), t5% by weight hydroxyethyl acrylate content 
(based on total solids), and a weight average molecular weight of 25,000 Dattons. 

so 

Example 8 



25 

Preparation of Polyurethane/Acrytic Graft Copolymer IV 

A 5-liter three-neck flask was equipped with a stirrer, condensor, and addition funnel, n -Butanol (430 g) 
was charged to the flask and heated to reflux. 

30 A mixture was prepared of 209.5 g of the ethylenically terminated polyurethane macomonomer from 
Example 4, 400 g of hydraxyethyi acrylate, 155 g of 2- ethylhexyl acrylate, 293 g of methyl methacrytate, 
and 18 g of tert -butyl peroctoate. This mixture was added gradually to the flask contents under reflux 
(about 110-118*0.) over a period of about four hours. When addition was complete, the mixture was heated 
under reflux for an additional one-half hour, at which point 5 g of tert -butyl peroctoate in 35 g of n -butanol 

3S was added to the flask and heating was continued for an additional one-haff hour. At the end of "this time, 
the mixture was cooled and 1900 g of deionized water was added to the flask contents with vigorous 
stirring. The product was filtered Into a storage container for later use. 

The clear product dispersion had a dispersion particle size of 150 nanometers, 29% non-volatile solids 
content, a viscosity of about 3300 centipoises and a pH of 4.4. The product resin comprised 8.9% by 

•to weight MPEG content (based on total solids), 40% by weight hydroxyethyl acrylate content (based on total 
solids), and a weight average molecular weight of 28,000 Daltons. 



t ' Example 9 

45 

Preparation' of Poryurethahe/Acryllc Graft Copolymer V 

so A 54rtarjthn»-ne^f^^ with a stirrer, condensor, and addition funnel, n -Butanol (410 g) 

was chargsdjtp ^^^^aJ^Oad to reflux I 
"\ A n^^i^i'X^^^^^.^T'Q °* *» ethylenically terminated polyurethane macomonomer from 
Example i "3^" 3fiBd^a t^V ^ ux y wlf *y l acryteta , 203 g of 2-ethylhexyl acrylate, 312 g of methyl methacrylate, 19 
g of aCTytkJ^^'and^Slj jfif ^ -jbutvl peroctoate. This mixture was added gradually to the flask contents 
66 under ref^f(abr^^0f|J^i^o^ a period of about four hours. When addition was complete, the 
' mixture was ^^'^^r^t^K fa 1 an additional one-haff hour, at which point 5 g of tert 'butyl peroctoate 
' In 35 g of W^u^^ira a*W to the flask and heating was continued for an additional one-half hour. At 
the end of tTt^'fin^frwTnixturo was cooled and 29 g of 4-ethylmorpholine was added to the flask contents 
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with stirring to neutralize the carboxyl functionality. Following this, 1900 g of deiortized water was added to 
the (task contents with vigorous stirring. The product was filtered into a storage container for later use. 

The clear product dispersion bad a dispersion particle size of 135 nanometers, 30% non-volatile solids 
content, a viscosity of about 3700 centlpoises, an acid number of 15 based on total solids, and a pH ot 7.5. 
s The product resin had a calculated theoretical T B of 0* C, comprised 15% by weight MPEG content (based 
on total solids), and had a weight average molecular weight of 32,100 Dsltona. 



10 



Preparation of Poryurethane/Acrylic Graft Copolymer VI 

ic A 5-liter three-neck flask was equipped with a stirrer, condenser, and addition funnel, n -Butsnot {41 6 g) 
was charged to the flask and heated to reflux 

A mixture was prepared of 24B.8 g of the ethylenically terminated polyurethane macomortomer from 
Example 3, 400 g of hydroxy ethyl acrytate, 143.8 g of 2-ethyjhexyl acrytate, 255.1 g of methyl methecryiate, 
13.3 g of acrylic acid, and 1&2 g of tart -butyl peroctoate. This mixture was added gradually to the flask 

» 'contents under reflux (about 110-118 C.) over a period of about four hours. When addition was complete, 
the mixture was heated under reflux for an additional one-naff hour, at which point 5 g of tot -butyl 
peroctoate in 30 g of n -butanoi was added to the flask and heating was continued for an additional one-half 
hour. At the end of thra time, the mixture was cooled and 16.4 g of aTmethylethanolamfrte was added to the 
flask contents with stirring to neutralize the carboxyl functionality. Following this. 1700 g of delonized water 

25 was added to the flask contents with vigorous stirring. The product was tittered Into a storage container for 
later use. 

The clear product dispersion had a dispersion particle size of 70 nanometers, 31% non-volatile solids 
content a viscosity of about 5000 conrjpoises, an acid number of 10.5 based on total solids, and a pH of 
7.85. The product resin had a calculated theoretical T, of 0* C, comprised 10% by weight MPEG content 
30 (based on total solids), and had a weight average molecular weight of 43,000 Oaltons. 



Example 11 



Preparation of a Water-Boma Silver Base Coat 



A series of silver base coat paint formulations were prepared using the potyurethane/acryitc graft 
polymers prepared as described above In Examples 5 through 10. In each , case, a pigment slurry was 
prepared by thoroughly blending 1450.2 g of aluminum pigment (80% solids} with 1633.8 g of partially 
methylated melamlne (80% active) and 415,2 g of ethylene glucol monobutyl ether. This slurry was then 
thoroughly blended with the principal resin dispersion of each Example in accordance wftti the formulations 
given In Table l. 

Following complete mixing of the aluminum pigment slurry and principal resin dispersion, the meotogy 
control agent was blended into the mixture with high speed mixing. Delonized water was then added to the 
mixture until the norvvolatiJe content was reduced to about 20% by weight and a viscosity of about 30 
seconds In a f2 Fisher cup was achieved. • •< 



torn «2j»»*n.ti- 
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Table 1 



Base Coat Formulations 


Ingredients 


Example 


Example 


Example 


Example 


Example 


Example 




12 


13 


14 


15 


16 


17 


Aluminum pigment slurry 


583.2 


583.2 


583.2 


583.2 


583.2 


583 2 


Principal resin dispersion of 


1906.0 












Example 5 














Principal resin dispersion of 




1906.0 










Example 6 














Principal resin dispersion of 






1906.0 








Example 7 














Principal resin dispersion of 








1918.0 






Example 8 














Principal resin dispersion of 










1906.0 




Example 9 














Principal resin dispersion of 












1845.0 


Example 10 














Rheology control agent 2% 


1650.0 


1650.0 


1650,0 


1650.0 


1650.0 


1650.0 


aqueous dispersion of Laponite 














RD9 















25 



Example 18 

30 

Preparation of Red Pigment Paste 

The polyurethane/acryllc graft copolymer (82.35 g), prepared as described above in Example 9, was 
as thoroughly mixed over a period of about one-half hour, with 12.9 g of C.I. Pigment Red 202 (available as 
Magenta 8 RT-343-D from Ciba-Geigy Corp., Three Skyline Drive, Hawthorne, NY 10532). This mixture was 
diluted by the addition of 4.75 g of deionized water and again mixed. This mixture had a viscosity of 66 
Krebs units, and had a pH of 7.8. 

An attrftor was loaded with 1/8" steel media and charged with the above mixture. After 3 hours, the 
40 pigment particle' size was found to be about 6 microns on the Hegman scale, and the suspension had a 
viscosity of 88 Krebs' units and a pH of 7.8. The mixture contained 20.59% by weight polyurethane/acrylic 
graft copolymer and 1.90% by weight pigment, based on total solids. 

45 V *- ' Testing 

~ 

Each base coat formulation of Examples 12 through 17 was hand sprayed over an electrocoated cold 
rolled steel panel at 80* F. (26.7" C.) at 60% relative humidity. Two sets of panels were prepared. In one 

so set the bas£coat ; w^applied, flash dried, and overcoated with a clear coat layer, with both layers being 
suosequem^b^ cuiwJ. .In the other set, only a base coat layer was applied prior to the bake curing step. 
In the case of panefeS^ch received a subsequent clear coat layer, following application of the base coat 
each paneTwas placed in an oven at 110* F. (43.3*C.) for five minutes to flash dry the base coat layer. A 
layer of WgfT solids ?ctear coat containing a highly alkylated melamine (Cymel® 303. available from 

55 American Cyarwrtd ^^Wayne, NJ 07470) was then spray applied over the uncured base coat layer. The 
double-coaf^'p«nej|ji^ then placed in an oven at 250* F. (121 * C.) for thirty minutes to cure both layers. 
In the case of the panels which did not receive a clear top coat layer, the panels were bake cured at 250* F. 
(121 * C.) fottoying spray application of the base coat layer. 
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The panels which had received a base coat layer only were subjected to a solvent rub test and ifte 
results compared with similarty prepared panels which had received a base coat iayer prepared from a 
potyurethane principal resin of the type disclosed irt United States Patent 4,794,147. In this test, a soft cloth 
was saturated with methyl ethy) ketone and the cloth was then rubbed in a back-and-forth motion over the 

$ coated panel until {hers was evidence of softening or removal of the baked base coat layer, in this test, the 
prior art potyurethane base coat layer showed softening or failure after ten to fifteen rubs, while the panels 
coated with the pdyure thane/acrylic graft resin coatings of the present invention did not show any softening 
before fifty to one-hundred rubs. 

In another test, the panels which had received both a base coat layer in accordance with this invention 

jo and a clear coat layer were subjected to conditions of 100% relative humidity and 100*F. (37.8* C,} 
temperature for a period of ten days. After this treatment, each of the panels was scribed with an awi to 
produce a large "X* on the panel, cutting through the coating layers to the bare substrate metal. A piece of 
adhesive tape is pressed over the scribe mark, and pulled away. Removal of any of the coating layers is 
considered adhesive Mure. The results of the adhesion taps-pull tests are given in Table 2. 

;s 

Tables 



Example 


Results of Adhesion 
Tape-Pull Test 


12 


Pass 


13 


Pass 


1+ 


Pass 


IS 


Pass 


16 


Pass 


17 


Pass 



As discussed above, the use of an amlne-soiubiliied base coat formulation with a high solids type clear 
coat formulation often causes problems. Amines, freed from the basecoat layer during the bate curing step 
will partically neutralize the strong acid catalyst required for curing of me monomeric fully alkylated 
melarnine cross-linking resins contained In a high solids clear top coat The result is severe toss of 
'distinctness of Image" or 00). DOl is the glossiness of the topcoat, and can be measured, in one 
technique, by the use of ASTM 4449-85 in which the scattering of light at the edges of a specularly 
reflected beam of light from the top coat surface is measured. 

The 001 of panels coated with the formulations of Examples 12-17 and overcoatsd with a super high . 
solids acrylic clear coat cross-linked with a monomeric fully alkylated malamine resin appear In Table 3, 
compared with a panel which had been coated with a prior art anionic polyurethane basecoat and the same 
top coat formulation. In addition, Table 3 shows the DOl values for panel* coated with the basecoat . 
formulations of Examples t2-17 and overcoated with a. high solids acrylic dear coat using* a polymeric • 
partlcalty alkylated melamlne cross-linking agent ' . . , 

Table 3 



Base Coat of Example 


Clear Coat Type . . 


DOl 


12 


High-solids acrylic, monomeric highly alkylated melamto© cross-linker 


85 


13 


Ditto ' V • 


83 


14 


Ditto ' ^ • 


88 


15 


Oftto' • V v • ; v : '' 7 


85 


Prior art anionic polyurethane 


Onto _ >; l ;;'-r ; ;' A V; ; 


5 


12 


High-sollds acrylic, polymeric, partially alkylated' malamine cross-Unter 


83 


13 


Otto ■ ■ l -\^-W\*K'f:>\Zl 

Ditto ' - '^'^H^ 


85 


14 


85 


15 


Ditto *wiafc. 


88 


Prior art anionic poiyurethaw 


onto - H**.' 1 ** 


85 
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As can be seen by examining the data in Table 3, when a high solids acrylic top coat formulation, 
employing a monomelic highly alkylated melamine cross-lining agent, is applied over the base coat 
formulations of the present Invention, good gloss and distinctness of image is maintained for the resulting 

5 multi-layer coating. In contrast, when a typical prior art water-borne potyurethane base coat formulation, 
solubiiized by amine, is employed with the same top coat, considerable loss in distinctness of image 
occurs. That this result is due to interference with amine (derived from the base coat layer) with the strong 
acid catah/st in the top coat can be seen by examining the data in the last half of Table 3. There, a high- 
solids acrylic top coat formulation which is cross-linked with a polymeric partiaily-alkyl&ted melamine cross- 

io linking agent which does not require strong acid catalysts for cross-linking. The gloss and distinctness of 
image for both the coatings of this invention and for the prior art amine-sotubilized polyurethane coatings is 
good. 

While there have been shown and described by example the preferred embodiments of the present 
invention, it is to be understood that the examples are merely illustrative and are not to be read as limiting 
75 the scope of the present invention as defined by the appended claims. 



Claims 

20 1 . A water dilutable polyurethane/acryllc graft copolymer comprising the reaction product of: 
A) an ethylenically terminated potyurethane macromonomer which is the reaction product of 

i) a polyisocyanate; 

ii) a compound having at least tvo functional groups reactive with isocyanate; 

iii) a polyether having a single functional group reactive with isocyanate; and 
25 B) one or more ethylenicaity unsaturated monomers. 

2. A graft copolymer as defined by claim 1, further reacted with a capping agent 

3. A graft copolymer as defined by claim 2, wherein said capping agent is selected from diofs, triols, 
aminopotyois, and mixtures thereof. 

4. A graft copolymer as defined by claim 3, wherein said capping agent is selected from straight chain and 
90 branched chain dlols of from three to twenty carbon atoms, preferably propylene glycol, butylene glycol, 

neopentyl glycol, or 1,6-hexanediol, or is a straight chain or branched chain aliphatic triol of from three to 
twenty carbon atoms or a mixture thereof, preferably trimethylolethane, trimethylolpropane, pentaerythritol 
or a mixture of two or more thereof or is an amino poiyol of from two to twenty carbon atoms, preferably 
aminoethanol or diethanolamlne. 
35 5. A graft copolymer as defined by any one of the preceding claims, having a weight average molecular, 
weight between about 15,000 DaKons and about 60,000 Daltons. 

6. A graft copolymer as defined by any one of the preceding claims, wherein said compound having at least 
two functional groups reactive with Isocyanate is selected from the group consisting of ester poiyols, diols, 
tricris. and mixtures thereof.' , 

« 7. A graft copolymer as defined by claim 6, wherein said compound having at least two functional groups 
reactive wfth isocyanate is selected from straight chain and branched chain aliphatic diols of from three to 
twenty carbon atoms and mixtures thereof, preferably selected from ethylene glycol, propylene glycol, 
butylene glycol, neopentyl glycol, 1,6-hexanediol and mixtures thereof, or is selected from the group 
consisting of straight chain and branched chain aliphatic triols of from three to twenty carbon atoms and 

45 mixtures thereof, preferably selected from trimethylolethane, trimethylolpropane. and pentaerythritol and 
mixtures thereof,, or is selected from polyester polyols of from four to twenty carbon atoms, preferably the 
3-hydroxy-2^-dlmethylproiDyl ester of 3-hydroxy-2,2-dimethylpropanoic acid. 

& A graft copolymer as defined by any one of the preceding claims, wherein said polyisocyanate is 
selected from aliphatic pofytsocyanates, cycloaJiphatfc potyisocyanates, aliphatic isocyanurates, and mix- 
so tures thereof and Is " preferably selected from 1 ,4-tetramethylene diisocyanate, 1 ,6-hexamethylene 
diisc<^atBY h 2Z44rj^^ 1,3-bis -[2(2-{isocyanato) propyljbenzene (TMXDI). 

meta -xyivtene^djteocyanate, - bis -{isocyanatoethyl fumarate), isophorone diisocyanate (IPDI), and methylene 

97a graft copolymer as defined by any one of the preceding claims, wherein said ethylenicalJy unsaturated 
56 monomers are selected from the group consisting of 
acrylic acid, ♦ ; . 

methacryfJc add,4^-^ . 
Ci-Cc alkyl esters of acryBc add, _ 

14 
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Ci -C 6 alkyl esters of methacrylic acid, 
Cj-Cb hydroxyalkyl esters of acrylic acid, 
Ci-C 6 hydroxyalkyl esters of methacryl ic acid. 
Ci -Cg afkyl esters of fumaric acid, 
s Ct-Cs hydroxyalkyl esters of fumaric acid, 
styrene, and 
vinyttoluene. 

10. A graft copolymer as defined by any one of the preceding claims, wherein said polyether is selected 
from polyether alcohols and polyether amines and is preferably selected from the group consisting of 

70 polyether alcohols having a weight average molecular weight between about 1200 and 3000 Daltons. 

11. A graft copolymer as defined by any one of the preceding claims, wherein said ethylenically terminated 
poiyurethane macromonomer has a weight average molecular weight of between about 3,000 Daltons and 
20,000 Daltons. 

12. A graft copolymer as defined by claim 10, wherein said graft copolymer contains between about 5% 
15 and about 25% by weight of said polyether alcohols. 

13. A stabilized, water dilutable pofyurethane/acrylic graft copolymer as defined by claim 1 comprising the 
reaction product of: 

A) from about 12% by weight to about 25 % by weight of an ethylenically terminated poiyurethane 
macromonomer which is the reaction product of 

20 i) a polyisocyanate; 

ii) a compound having at least two functional groups reactive with isocyanate; 
ili) a polyether having a single functional group reactive with isocyanate; and 

B) one or more ethylenically unsaturated monomers selected from the group consisting of 
Ct-Cs alkyl esters of acrylic acid, 

26 Ci -Cs alkyf esters of methacrylic acid, 

C\-Ct hydroxyalkyl esters of acrylic acid, 

Ci-Cc hydroxyalkyl esters of methacrylic acid, 

d-Ce alkyl esters of fumaric acid. 

Ct-Cs hydroxyalkyl esters of fumaric acid, 
go styrene, 

vinyltotuene, 

acrylic acid, and 

methacrylic acid. 

14. A pigment paste comprising between about 30% by weight and about 80% by weight of a water 
36 dilutable potyurethane/acrylic graft copolymer as defined by any one of the preceding claims and one or 

more pigmenting agents. , 

15. A substrate body coated with one or more base layers of a coating composition comprising a water- 
dilutable polyurethane/acrylic graft copolymer as defined by any one of claims 1-13. 
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